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CELLULOSE FIBERS TREATED WITH 
ACIDIC ODOR CONTROL AGENTS 

FIELD OF THE INVENTION 

This invention relates to an odor control system including cellulose 
fibers treated with an acidic odor control agent, and to a method of incorporating 
acidic odor control agents into cellulose fibers. The treated cellulose fibers are useful 
in the absorbent cores of personal care absorbent articles, medical absorbent articles, 
and the like. 

BACKGROUND OF THE INVENTION 

For many personal care absorbent articles, medical absorbent articles, 
and the like, it is desirable to reduce, prevent, or eliminate odors during use. For 
diapers and other incontinence products, it is desirable to reduce or eliminate the odor 
of ammonia which is present in urine. For feminine hygiene products, it is desirable 
to reduce or eliminate the odors of trimethylamine and triethylamine. Other common 
odor-producing substances include isovaleric acid, dimethyl disulfide, and dimethyl 
trisulfide. 

Odor control agents include odor inhibitors, odor absorbers, odor 
adsorbers and other compounds which suppress odors. Odor inhibitors prevent the 
odor from forming. For example, U.S. Patent 4,273,786 to Kraskin teaches the use 
of an aminopolycarboxylic acid compound for inhibiting the formation of ammonia 
from urea in urine. Odor absorbers and adsorbers remove odor after it is formed. 
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Examples of odor control agents that remove odor by absorption or adsorption include 
activated carbon, silica, and cyclodextrin. 

Acidic odor control agents based on carboxylic acids and their 
derivatives are used to neutralize or inhibit formation of odors from ammonia and 
other basic odor-forming compounds. Ammonia, released from aqueous ammonium 
hydroxide, is one of the primary odor-producing substances in urine. One of the 
drawbacks of acidic odor control agents is they are not inherently durable, i.e., they 
pass into solution after one or more insults with aqueous liquid, and may acidify the 
liquid. If some of the acidified aqueous liquid leaks from the absorbent article and 
passes to the wearer's skin, the wearer may experience itching, rash, and/or other 
uncomfortable effects. 

Previously, acidic odor control agents have been applied to absorbent 
articles in the form of powders, coatings, and the like, which can be easily dissolved. 
There is a need or desire for absorbent articles having durable acidic odor control 
agents, which retain their odor control functions and do not pass into solution after 
one or more insults with aqueous liquid. 

DEFINITIONS 

The term "cellulose fibers" refers to fibers from wood, paper, woody 
plants, and certain non- woody plants. Woody plants include, for example, deciduous 
and coniferous trees. Non- woody plants include, for instance, cotton, flax, esparto 
grass, milkweed, straw, jute hemp, and bagasse. 
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The term "average cellulose fiber length" refers to a weighted average 
length of cellulose fibers determined using a Kajaani fiber analyzer Model No. FS- 
100 available from Kajaani Oy Electronics in Kajaani, Finland. Under the test 
procedure, a fiber sample is treated with a macerating liquid to ensure that no fiber 
bundles or shives are present. Each fiber sample is dispersed in hot water and diluted 
to about a 0.001% concentration. Individual test samples are drawn in approximately 
50 to 500 ml portions from the dilute solution and tested using the standard Kajaani 
fiber analysis procedure. The weighted average fiber lengths may be expressed by the 
following equation: 

k 

X, >o 

where k = maximum fiber length, 

Xj = individual fiber length, 

n, = number of fibers having length X; 
and n = total number of fibers measured. 

The term "fiber consistency" refers to a weight ratio of dry fiber/ 
(dry fiber plus water) in an aqueous mixture. 

The term "carboxylic acid-based odor control agent" includes odor 
control agents based on carboxylic acids and/or their partially neutralized salts. The 
term "multi-carboxylic acid-based odor control agent" includes odor control agents 
based on dicarboxylic acids, tricarboxylic acids, polycarboxylic acids, etc., having 
two or more carboxylic acid groups, and/or their partially neutralized salts. 
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The term "hydroxyl multi-carboxylic acid" (HMCA) refers to a 
compound containing at least one hydroxyl (-OH) group and at least two carboxyl 
(-COOH) groups, including citric acid, malic acid, tartaric acid, and the like. 

The term "polycarboxylic acid" (PCA) refers to a polymer or copolymer 
5 that contains carboxyl (-COOH) groups on its repeating units, including polyacrylic 
acid, acrylic acid copolymers, polymaleic acid, maleic acid copolymers, and the like, 
O The term "degree of neutralization" (DON) refers to a ratio of a molar 

!;Jf equivalent number of (-COOM groups)/(a sum of -COOM groups and -COOH 

iy groups) in a partially neutralized HMCA or PCA containing system, where the 

s 10 -COOM groups represent a salt formed using a transition metal (M) such as Zn, Cd, 

Zr, Cr, Ti, Cu or the like. 
Q The term "odor control system" refers collectively to individual odor 

control agents, and combinations (by chemical reaction and/or blending) of two or 
more odor control agents. 
15 The term "polymer" includes, but is not limited to, homopolymers, 

copolymers, such as for example, block, graft, random and alternating copolymers, 
terpolymers, etc., and blends and modifications thereof. Furthermore, unless 
otherwise specifically limited, the term "polymer" shall include all possible 
geometrical configurations of the material. These configurations include, but are not 
20 limited to isotactic, syndiotactic and atactic symmetries. 
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The term "personal care absorbent product" includes without limitation 
diapers, training pants, swim wear, absorbent underpants, baby wipes, adult 
incontinence products, and feminine hygiene products. 

The term "medical absorbent product" includes without limitation 
garments, underpads, bandages, absorbent drapes, and medical wipes. 

"Superabsorbent" or "superabsorbent material" refers to a water- 
swellable, water-insoluble organic or inorganic material capable, under the most 
favorable conditions, of absorbing at least about 15 times its weight and, more 
desirably, at least about 20 times its weight in an aqueous solution containing 
0.9 weight percent sodium chloride. The superabsorbent materials can be natural, 
synthetic and modified natural polymers and materials. In addition, the 
superabsorbent materials can be inorganic materials, such as silica gels, or organic 
compounds such as cross-linked polymers. 

SUMMARY OF THE INVENTION 

The present invention is directed to an odor control system which 
includes cellulose fibers treated with salts of a transition metal derived from partially 
neutralized hydroxyl multi-carboxylic acid (HMCA) and/or poly-carboxylic acid 
(PCA). Due to the bacteriostatic activity, chelating capability and acidity of the 
partially neutralized salts of the HMCA and PCA, the system can serve as an inhibitor 
to prevent or reduce the generation of ammonia and other basic odor- forming 
compounds, and also as an odor absorber of the generated ammonia and other basic 
odor-forming compounds (via neutralization and chelating reaction). 
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The odor control system is prepared as follows. First, weigh out 
calculated amount of untreated cellulose fiber, water, a HMCA and/or PC A, and a 
transition metal containing compound (e.g., the oxide, hydroxide and/or carbonate of 
a transition metal). The ingredients are then thoroughly blended at ambient 
temperature. The resulting blend is heated using a temperature and time sufficient to 
remove the water. The resulting heated dry cellulose fibers are then fiberized 
(separated) using a fiberizer. The separated treated cellulose fibers may optionally be 
further cured at an elevated temperature. 

The treated cellulose fibers exhibit varying levels of odor absorption and 
odor inhibition capability depending on the specific carboxylic acid odor control agent 
used and its add-on level to the fiber. The treated cellulose fibers can be employed 
in the absorbent core of a personal care absorbent article, a medical absorbent article, 
and the like. The treated cellulose fibers may be combined with other fibers (e.g., 
untreated cellulose fibers, synthetic fibers, and etc.), with superabsorbent materials, 
and with other ingredients to make an absorbent core, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded perspective view of a personal care absorbent 

garment, which is a diaper. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

The present invention is directed to an odor control system which 

includes cellulose fibers treated with salts of a transition metal derived from partially 
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neutralized HMCA and/or PCA. Cellulose has the general chemical formula 
(C 6 H i0 O 5 ) n , configured as follows: 




Cellulose 



While not wishing to be bound by theory, it is possible that cellulose 
reacts or otherwise bonds with partially neutralized HCMA and/or PCA 
(e.g., RCOOM) in the presence of heat, for a time sufficient to cause dehydration, to 
yield an ester: 




Cellulose Modified With Odor Control Agent 
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The resulting odor control system is believed to be relatively stable, and 
is not easily degraded by a mere infusion of aqueous liquid. For this reason, the odor 
control system based on modified cellulose has odor control properties which are 
relatively durable, and withstand insults with aqueous liquids. 

The cellulose fibers may have high average fiber lengths, low average 
fiber lengths, or a combination of high and low average fiber length fibers. High 
average fiber length fibers generally have an average fiber length greater than about 
1 .5 mm, suitably about 1 .5-6 mm, when measured using an optical fiber analyzer such 
as the Kajaani tester described above. Low average fiber length fibers generally have 
an average fiber length less than about 1.5 mm, suitably about 0.7-1.2 mm, when 
measured using an optical fiber analyzer such as the Kajaani tester. Cellulose fibers 
from any source are suitable for use in the invention. Fibers from wood, paper and 
the like, are particularly suitable. 

In accordance with the invention, at least some of the cellulose fibers 
are combined with a partially neutralized carboxylic acid odor control agent which 
can be HMCA, PCA, or a HMCA/PCA combination. The degree of neutralization 
(DON) of the partially neutralized carboxylic acid odor control agent can range from 
about 15-95% of the carboxyl groups, and is suitably about 30-90% of the carboxyl 
groups, desirably about 50-80% of the carboxyl groups. The partial neutralization can 
be accomplished by reacting some of the carboxyl groups with transition metals such 
as zinc, cadmium, zirconium, chromium, titanium, copper and the like, to form salts. 
PCA-based odor control agents include odor control agents based on dicarboxylic 
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acids, tricarboxylic acids, higher polycarboxylic acids, etc., having two or more 
carboxylic acid groups. HMCA-based odor control agents include, for instance, citric 
acid, malic acid, tartaric acid, and combinations thereof. For purposes of the 
invention, the partially neutralized carboxylic acid odor control agent may contain 
5 0-100% by weight partially neutralized HMCA, suitably about 25-100% by weight 
partially neutralized HMCA, desirably about 50-100% by weight partially neutralized 
tj HMCA. The partially neutralized carboxylic acid odor control agent may also contain 

Hi 0-100% by weight partially neutralized PCA, suitably about 0-75% by weight 

in 

fi partially neutralized PCA, desirably about 0-50% by weight partially neutralized 

r 10 PCA. 

K The odor control system can be prepared by initially mixing 'the 

g carboxylic acid-based odor control agent in water, suitably at a concentration of about 

0.5-10% by weight odor control agent, particularly about 2-8% by weight odor control 
agent. The pH of the resulting solution can be adjusted, if necessary, to a value of 
1 5 about 2-6, suitably about 3-5. The pH adjustment can be accomplished by adding a 
basic compound, suitably a transition metal hydroxide, into the aqueous mixture. The 
transition metal hydroxide reacts with, and partially converts the free carboxylic acid 
groups to a corresponding metal salt. Alternatively, the carboxylic acid-based odor 
control agent can be partially neutralized before it is added to the water. 
20 The cellulose fibers can then be added to the aqueous solution of 

partially neutralized odor control agent, to form a slurry. The slurry can have a fiber 
consistency of about 5-75% by weight, suitably about 10-50% by weight, desirably 
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about 15-25% by weight. Desirably, the concentrations of partially neutralized 
carboxylic acid-based odor control agent and cellulose fibers in the slurry are selected 
so that the weight ratio of dry partially neutralized carboxylic acid odor control agent 
to dry cellulose fibers is about 5-20%. 
5 Alternatively, the cellulose fibers can initially be combined with water, 

and the odor control agent can be added during stirring of the resulting slurry. 
Regardless of the order of addition, the desired concentrations of the ingredients in 
the ultimate slurry will be the same. In another embodiment, the cellulose fibers and 
odor control agent can each be combined with separate quantities of water and stirred, 

10 and the solutions can then be combined together. 

The slurry may then be blended at ambient temperature using any 
suitable mixer, for instance, a Hobart mixer. The blending times will vary depending 
on the amounts of partially neutralized carboxylic acid odor control agent and 
cellulose fibers in the slurry. The mixing should be sufficient to completely saturate 

15 the cellulose fibers with the partially neutralized carboxylic acid odor control agent 
solution. The mixing time may range from about 15 minutes to three hours, and is 
suitably about 1-2 hours, desirably about 1.5 hours. 

To complete the treatment, the entire slurry can then be heated at an 
elevated temperature, for a time sufficient to completely remove the water. A 

20 convection oven or other suitable heating apparatus may be employed. The elevated 
temperature may be about 50-95°C, suitably about 60-85°C, desirably about 70-80°C. 
In one embodiment, the heating is performed in stages. For instance, the slurry may 
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be heated at 50°C for about 6 hours, then at 95°C for a long enough period of time to 
completely remove the remaining water, leaving only dry cellulose fibers treated with 
the odor control agent. The resulting treated cellulose fibers are typically in the form 
of a sheet or bundle. Depending on the heating temperature, the heating mechanism, 
5 the thickness of the sheet or bundle, the amount of water and other factors, the 
required heating time may vary widely. 

The sheet or bundle of treated cellulose fibers is then fiberized, to break 
apart the fibers. A Pullman fiberizer or other suitable device may be used for this 
purpose. In one embodiment, the resulting individual treated fibers may be further 
10 heated (i.e., cured) in a convection oven at a temperature of about 150-200°C, for a 
period of 0.5-3 minutes, desirably 1-2 minutes, in order to promote the esterification 
reaction. 

The resulting odor control system will contain a quantity of odor control 
agent chemically linked and/or otherwise bound to the cellulose fibers. The amount 

15 of odor control agent in the system will vary depending on the amount and type of 
partially neutralized carboxylic acid odor control agent added to the solution (i.e., the 
amount and type of partially neutralized HMCA and/or PCA), the amount of solution 
mixed with the cellulose fibers, and the drying temperature and time. The dry odor 
control system may contain about 1-40% of the carboxylic acid odor control agent, 

20 suitably about 3-30% of the carboxylic acid odor control agent, desirably about 5-20% 
of the carboxylic acid odor control agent based on the combined weight of dry odor 
control agent and dry cellulose fibers. 
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In another embodiment of the invention, the acidic odor control agent 
may be a chelating agent. Suitable chelating agents include without limitation 
aminopolycarboxylic acids, their alkali metal salts, and combinations thereof. 
Suitable aminopolycarboxylic acids and alkali metal (preferably sodium) salts thereof, 
5 include without limitation ethylenediamine tetraacetic acid (EDTA), the alkali metal 
salts of EDTA (for instance, ^ EDTA, Na 3 EDTA, and Na 4 EDTA), nitrilotriacetic 
O acid, the alkali metal (e.g., sodium) salts of cyclohexanediamine tetraacetic acid, 

fy diethylenetriamine pentaacetic acid (DTP A), hydroxy ethylenediamine triacetic acid 

Jvt (HEDTA), pentasodium diethylenetriamine pentaacetate, trisodium hydroxyethyi 

s 10 ethylenediamine triacetate, and combinations thereof. A particularly suitable 
j y aminopolycarboxylic acid is EDTA. Suitable chelating agents also include polyamino 

S disuccinic acids and alkali metal salts of them, including acids and salts of 

ethylenediamine-N,N' -disuccinic acid, diethylenetriamine-N,N"- disuccinic acid, 
triethylenetetraamine-N,N ' "-disuccinic acid, 1 ,6-hexamethylenediamine N,N- 
1 5 disuccinic acid, tetraethylenepentaamine-N,N " "-disuccinic acid, 2-hydroxypropylene- 
ljS-diamine-NjN'-disuccinic acid, l,2-propylenediamine-N,N '-disuccinic acid, 1,3- 
propylenediamine-N,N ' -disuccinic acid, cis-cy clohexanediamine-N,N ' -disuccinic 
acid, trans-cyclohexanediamine-N,N' -disuccinic acid, and ethylene-bis 
(oxyethylenenitrilo)-N,N' -disuccinic acid. One suitable polyamino disuccinic acid 
20 is ethylenediamine-N,N' -disuccinic acid. Chelating agents can act as odor inhibitors 
which prevent odor from occurring by interfering with reactions that produce odors, 
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as well as odor absorbents which remove or minimize existing odor-producing 
compounds. 

In another embodiment of the invention, the odor control system may 
also include a chitin or chitosan odor control agent. The chitin or chitosan can be 
5 combined with the partially-neutralized carboxylic acid odor control agent in the 
aqueous solution, suitably before the solution is combined with the cellulose fibers, 
p In the resulting complex odor control system, the free carboxyl sites on the acidic 

odor control agent facilitate absorption of ammonia and amine-based odors. The 
J7J amino groups on the chitin or chitosan facilitate absorption of acid-based odor 

s 1 0 compounds, and suppress the enzymatic decomposition of urine and menses, thereby 
j J inhibiting odor generation. 

p The partially neutralized carboxylic acid odor control agent to be 

combined with chitin or chitosan, is suitably a partially neutralized PCA, desirably a 
partially neutralized HMCA such as citric acid, malic acid or tartaric acid. The 
1 5 combination can be accomplished by initially blending a calculated amount of chitin 
or chitosan with a calculated amount of the aqueous solution of the partially 
neutralized multi-carboxylic acid odor control agent at room temperature for 30 
minutes. The amount of deacetylation in the chitosan should be determined before 
adding chitosan to the acid solution. The amount of chitosan added to the acid 
20 solution should be selected so that the molar equivalent ratio of free amino groups in 
the chitosan to free carboxyl groups in the multi-carboxylic acid is about 0.2-0.4. The 
resulting odor control system is useful in absorbing, neutralizing, and inhibiting 
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formation of ammonia, trimethylamine, isovaleric acid, and similar odoriferous 
compounds. 

The partially neutralized carboxylic acid odor control agent can 
similarly be combined with a wide variety of other odor control agents, suitably in the 
aqueous solution before the aqueous solution is combined with the cellulose fibers. 
The other odor control agents include without limitation metal oxides (e.g., zinc 
oxide), activated carbon, zeolites, chelating agents and the like. It should be noted 
that the secondary odor control agents will not necessarily chemically react or 
otherwise bond with either the cellulose fibers or the partially neutralized carboxylic 
acid odor control agent. Thus, the primary focus of the present invention involves 
combining the partially neutralized carboxylic acid odor control agent with the 
cellulose via a reaction and/or bonding which facilitates durable odor control. 

The resulting odor control system (including at least cellulose fibers 
treated with a partially neutralized carboxylic acid odor control agent) can be used 
alone or in combination with untreated fibers, and can be used in the absorbent core 
of a personal care absorbent article or a medical absorbent article. Untreated fibers 
include untreated cellulose fibers, synthetic fibers, and the like. The treated cellulose 
fibers can also be combined with superabsorbent materials, and with other ingredients 
used to make an absorbent core. Personal care absorbent articles include without 
limitation diapers, training pants, swim wear, absorbent underpants, baby wipes, adult 
incontinence products, feminine hygiene products, and the like. In absorbent articles, 
the absorbent core is typically contained between a water-permeable cover sheet 
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(body side liner) and a substantially water impermeable outer cover. Medical 
absorbent articles include, without limitation, garments, underpads, absorbent drapes, 
bandages, and medical wipes. 

By way of example, Fig. 1 is an exploded perspective view of a 
disposable diaper according to one embodiment of this invention. Referring to Fig. 1, 
disposable diaper 10 includes outer cover 30, body-side liner 20, and absorbent core 
25 between body-side liner 15 and outer cover 12. Body-side liner 20 and outer cover 
30 are constructed of conventional non-absorbent materials. By "non-absorbent" it 
is meant that these materials have an absorptive capacity not exceeding 5 grams of 
0.9% aqueous sodium chloride solution per gram of material. INDA Standard Test 
Method 1ST 10.1 (95), "Standard Test Method for Absorbency Time, Absorbency 
Capacity, and Wicking Time," published by INDA, Association of the Nonwoven 
Fabrics Industry, Cary, North Carolina, provides the basis for a suitable test method 
to measure absorbency, and is incorporated by reference. 

Body-side liner (topsheet) 20 is constructed from highly liquid pervious 
materials. Body-side liner 20 functions to allow liquid from the wearer to contact the 
absorbent material or superabsorbent material present in diaper 10. Body-side liner 
20 can be made from materials including porous woven materials, porous nonwoven 
materials, films with apertures, open-celled foams, and batting. 

Additionally, a surge layer (not shown) made from nonwoven fibers can 
be added between body-side liner 20 and absorbent core 25. The surge layer includes 
surge material having an operable level of density and basis weight to quickly collect 
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and temporarily hold liquid surges, to transport the liquid from its initial entrance 
point and to substantially release the liquid to absorbent core 25 and the 
superabsorbent material in absorbent core 25. 

One embodiment of diaper 10 includes a barrier tissue between body- 
side liner 20 and absorbent core 25. Alternatively, the barrier tissue may be between 
a surge layer and body-side liner 20 or between the surge layer and absorbent core 25. 
A barrier tissue is beneficial in keeping any loosened superabsorbent material from 
passing through body-side liner 20 and contacting the user. Barrier tissues are 
typically natural fiber materials such as any type of wood pulp. Barrier tissues can 
also be made from uncreped through air-dried (UCTAD) tissue material known in the 
art. 

Outer cover material (backsheet) 30 should be breathable to water 
vapor. Outer cover 30 desirably includes a material that is substantially liquid 
impermeable, and can be elastic, stretchable or nonstretchable. The outer cover 30 can 
be a single layer of liquid impermeable material, but desirably includes a multi- 
layered laminate structure in which at least one of the layers is liquid impermeable. 
For instance, the outer cover 30 can include a liquid permeable outer layer and a 
liquid impermeable inner layer that are suitably joined together thermally, 
ultrasonically, by a laminate adhesive, or by any other suitable methods known in the 
art. Suitable laminate adhesives, which can be applied continuously or intermittently 
as beads, a spray, parallel swirls, or the like, can be obtained from Findley Adhesives, 
Inc., of Wauwatosa, Wisconsin, U.S.A., or from National Starch and Chemical 
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Company, Bridgewater, New Jersey, U.S.A. The liquid permeable outer layer can be 
any suitable material and desirably one that provides a generally cloth-like texture 
and/or mating fastening component qualities. One example of such a material is a 20 
gsm (grams per square meter) spunbond polypropylene nonwoven web. The outer 
layer may also be made of those materials of which liquid permeable bodyside liner 
15 is made. While it is not a necessity for the outer layer to be liquid permeable, it is 
desired that it provides a relatively cloth-like texture to the wearer. 

The inner layer of the outer cover 30 can be both liquid and vapor 
impermeable, or can be liquid impermeable and vapor permeable. The inner layer is 
desirably manufactured from a thin plastic film, although other flexible liquid 
impermeable materials may also be used. The inner layer, or the liquid impermeable 
outer cover 30 when a single layer, prevents waste material from wetting articles, such 
as bedsheets and clothing, as well as the wearer and care giver. A suitable liquid 
impermeable film for use as a liquid impermeable inner layer, or a single layer liquid 
impermeable outer cover 30, is a 0.2 millimeter polyethylene film commercially 
available from Huntsman Packaging of Newport News, Virginia, U.S.A. If the outer 
cover 30 is a single layer of material, it can be embossed and/or matte finished to 
provide a more cloth-like appearance. As earlier mentioned, the liquid impermeable 
material can permit vapors to escape from the interior of the disposable absorbent 
article, while still preventing liquids from passing through the outer cover 30. A 
suitable "breathable" material is composed of a microporous polymer film or a 
nonwoven fabric that has been coated or otherwise treated to impart a desired level 
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of liquid impermeability. A suitable microporous film is a PMP-1 film material 
commercially available from Mitsui Toatsu Chemicals, Inc., Tokyo, Japan, or an 
XKO-8044 polyolefin film commercially available from 3M Company, Minneapolis, 
Minnesota. 

Generally outer cover 30 will have a moisture vapor transmission rate 
(MVTR) of at least about 300 grams/m 2 -24 hours, preferably at least about 1000 
grams/m 2 -24 hours, more preferably at least about 3000 grams/m -24 hours, measured 
using INDA Test Method IST-70.4-99, herein incorporated by reference. 

Attached to outer cover 30 are waist elastic members 36, fastening tapes 
38 and leg elastic members 3 1 . The leg elastics 3 1 include a carrier sheet 32, which 
can be a polyolefin film, and individual elastic strands 34. The waist elastic members 
36 and the leg elastic members 31 can be formed of any suitable elastic material. As 
is well known to those skilled in the art, suitable elastic materials include sheets, 
strands or ribbons of natural rubber, synthetic rubber, or thermoplastic elastomeric 
polymers. The elastic materials can be stretched and adhered to a substrate, adhered 
to a gathered substrate, or adhered to a substrate and then elasticized or shrunk, for 
example with the application of heat; such that elastic constrictive forces are imparted 
to the substrate. In one particular embodiment, for example, the leg elastic members 
31 include a plurality of dry-spun coalesced multifilament spandex elastomeric 
threads sold under the trade name LYCRA® and available from E.L DuPont de 
Nemours and Company, Wilmington, Delaware, U.S.A. 
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The diaper of Fig. 1 is a general representation of one basic diaper 
embodiment. Various modifications can be made to the design and materials of 
diaper parts. The various layers of article 10 have dimensions which vary depending 
on the size, shape, and needs of the wearer. 

Absorbent core 25 typically includes absorbent materials including 
natural fibers such as wood pulp fibers. The treated cellulose fibers (odor control 
system) of the invention may be used in place of untreated natural fibers, or may be 
combined with untreated natural fibers in any desired ratio. Absorbent core 25 can 
also include nonwoven fibers or webs. "Nonwoven" and "nonwoven web" refer to 
materials and webs of material which are formed without the aid of a textile weaving 
or knitting process. Absorbent core 25 typically includes a matrix of hydrophilic 
fibers, such as a web of cellulosic fluff, mixed with particles of a superabsorbent 
material. In a particular embodiment, absorbent core 25 includes a matrix of 
cellulosic fluff, such as wood pulp fluff, and superabsorbent hydrogel-forming 
particles. The wood pulp fluff can be exchanged with synthetic, polymeric, 
meltblown fibers or with a combination of meltblown fibers and natural fibers. 
Examples of fiber materials used in absorbent core 25 include, without limitation, 
wood pulp fluff, cotton, wool, silk, polyethylene, polypropylene, polyester, nylon, 
polyvinyl alcohol, polyacrylonitrile, and polyvinyl chloride. 

The superabsorbent material can be in the form of fibers, particles, 
filaments, or printed or coated onto a fiber matrix. Any conventional superabsorbent 
material can be used. The superabsorbent material can be substantially 
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homogeneously mixed with the hydrophilic composite fluff matrix or can be 
nonuniformly mixed. The fluff and superabsorbent particles can also be selectively 
placed into desired regions of the absorbent core 25 to better contain and absorb body 
exudates. The concentration of the superabsorbent particles can also vary through the 
thickness of the absorbent core 25. Alternatively, absorbent core 25 can include a 
laminate of fibrous webs and superabsorbent material or other suitable means of 
maintaining a superabsorbent material in a localized area. 

Example 1 (Control) 

100 grams of CR1654 cellulose fibers from the Bowater Co. Coosa mill 
at Coosa, Alabama, was mixed with 1000 ml of water at room temperature for one 
hour, using a Hobart mixer. Then, the slurry was partially dewatered to a fiber 
consistency of 30%. 

10 grams of anhydrous citric acid from the Aldrich Co. in Milwaukee, 
Wisconsin was separately added to 200 ml of water in a beaker. The mixture was 
stirred until the citric acid crystals were dissolved. 

The citric acid solution was added to the cellulose fiber slurry while 
stirring in the Hobart mixer. The slurry mixture was blended at ambient temperature 
for 1.5 hours. The slurry mixture was then removed from the Hobart mixer, and 
heated in a convection oven at 50°C for 6 hours, then at 95°C until all of the fibers 
were dried. 

The treated dry cellulose fibers were then fiberized in a Pallman 
fiberizer, to form individual treated cellulose fibers. The treated cellulose fibers were 
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tested for ammonia absorption and antimicrobiological activity using the procedures 
described below. 

Example 2 

100 grams of the same cellulose fibers used in Example 1, was mixed 
with 1000 ml of water at room temperature for one hour, using a Hobart mixer. The 
slurry was partially dewatered to a fiber consistency of 30%. 10 grams of the same 
anhydrous citric acid was separately added to 200 ml of water in a beaker. The 
mixture was stirred until the citric acid dissolved. 

7.6 grams of zinc carbonate hydroxide (5Zn0.2C0 3 .4H 2 0, F W = 598.87 
Reagent Grade, from AESAR Co. in Ward Hill, Massachusetts) was added slowly 
with stirring to the citric acid solution. Then, the aqueous citric acid/zinc carbonate 
hydroxide mixture was added to the cellulose fiber slurry while stirring in the Hobart 
mixer. The slurry mixture was then blended at ambient temperature for 1 .5 hours at 
a low agitator speed. The slurry mixture was then removed from the Hobart mixer, 
and heated in a convection oven at 50°C for 6 hours, then at 95°C until dry. 

The treated dry cellulose fibers were fiberized in a Pallman fiberizer, 
to form an odor control system of the invention. The odor control system was tested 
for ammonia absorption and antimicrobiological activity, using the procedures 
described below. 

Example 3 

100 grams of the same cellulose fibers used in Example 1, was mixed 
with 1000 ml of water at room temperature for one hour, using a Hobart mixer. The 
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slurry was partially dewatered to a fiber consistency of 30%. 10 grams of the same 
anhydrous citric acid used in Example 1, and 0.5 grams of polymaleic acid (available 
from Polysciences, Inc.) were added to 200 ml of water in a beaker. The beaker was 
stirred until all of the crystals were dissolved. 4.1 grams of zinc oxide (available from 
Aldrich Co.) was then added slowly with stirring to the water/citric acid/polymaleic 
acid solution. 

The aqueous citric acid/polymaleic acid/zinc oxide mixture was added 
slowly with stirring to the wet fiber pieces in the Hobart mixer. The resulting mixture 
was then blended at ambient temperature for 1.5 hours in the Hobart mixer, at a low 
agitating speed. The resulting mixture was then removed from the Hobart mixer, and 
heated in a convection oven at 50°C for 6 hours, then at 95°C until dry. 

The treated dry cellulose fibers were then fiberized in a Pallman 
fiberizer. The individual treated fibers were cured in a convection oven at 150-200°C 
for 1-2 minutes, to form an odor control system of the invention. 

TEST METHODS 

Ammonia Absorption 

An untreated cellulose sheet and each of the three treated sheets were 
tested, in duplicate, for ammonia absorption using an analytical method which 
employed a GC/TCD, which was a gas chromatograph (Hewlett-Packard 5890) 
equipped with a thermal conductivity detector especially for ammonia measurement. 
An aliquot of 10 microliters of 30% ammonia hydroxide solution is added to a 20- 
milliliters glass vial which contains sample. The opening of the glass vial is sealed 
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immediately with a Teflon-lined septum. After one hour of conditioning at room 
temperature, a gas-tight syringe is used to withdraw one milliliter of headspace, which 
contains air, water and ammonia gas, from the sealed vial through the septum. The 
headspace mixture in the syringe is injected into the GC/TCD instrument where 
ammonia is separated from air and water and detected by a thermal conductivity 
detector (TCD). By measuring the quantity of ammonia in the headspace of control 
(untreated fabric) and treated fabric with GC/TCD, the amount of ammonia absorbed 
by the treated fabric can be determined. Samples of the treated cellulose fiber sheets 
weighing 0.05 grams each were placed in 20 ml glass vials. To each vial, 10 
microliters of a 30% aqueous NH 4 OH solution was added, and the vial was 
immediately sealed. After being conditioned at room temperature for 60 minutes, a 
gas sample from the headspace in each vial (containing air and ammonia) was 
withdrawn using a gas tight syringe, and injected into the GC/TCD for ammonia 
determinations. Each treated cellulose fiber sheet was tested twice, with an untreated 
cellulose fiber sheet being used as a control. 

Bacteriostatic Activity Testing 

The bacteriostatic activity testing was performed using Standard Test 
AATCC-100, of the American Association of Textile Chemists and Colorists. This 
Test Method is incorporated by reference. 

Fiber pH 

The fiber pH as measured using TAPPI Standard Method T509 OM-88, 
which is incorporated by reference. 
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TEST RESULTS 

The following Table 1 summarizes the test results for a first control 
sample of untreated cellulose, a second control sample of citric acid-treated cellulose 
(with no neutralization of the citric acid), and an odor control system of the invention 
(Example 2) containing cellulose fibers treated with a partially neutralized citric acid. 



Table ] 




Code 


Citric 
acid/fiber 

w/w % 


DON % 


mgNH3/g 
fiber 


Fiber 
pH 


Bacteriostatic 
activity 


Control 

(Untreated 

CR1654) 


0 


N/A 


11.5 


6.8 


None 


Control 
(Example 1) 


10 


0 


31.8 


2.3 


None 


Invention 
(Example 2) 


10 


81 


40.4 


5 


Very active 



As shown above, only the inventive odor control system (Example 2) 



helped reduce odor-producing bacteria. The following Table 2 gives the reduction in 
various odor-producing bacteria after 8 hours of exposure to the inventive odor 
control system of Example 2. 
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Table 2 



Microorganisms 


Log Population Reduction 
Over Untreated Fiber 


Citrobacter freundii 


2.13 


Escherichia coli 


2.10 


Enterobacter aerogenes 


2.79 


Staphylococcus aureus 


1.54 


Providencia rettgeri 


2.30 


Proteus vulgaris 


3.26 



While the embodiments of the invention described herein are presently 
preferred, various modifications and improvements can be made without departing 
from the spirit and scope of the invention. The scope of the invention is indicated by 
the appended claims, and all changes that fall within the meaning and range of 
equivalents are intended to be embraced therein. 
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